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RELATIVISTIC DESCRIPTION OF SEMILEPTONIC DECAYS 
OF HEAVY BARYONS 
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Semileptonic decays of heavy baryons consisting of one heavy (Q = b, c) and two light (q = u, d, s) 
quarks are considered in the heavy-quark-light-diquark approximation. The relativistic quasipo- 
tcntial equation is used for obtaining masses and wave functions of both diquarks and baryons 
within the constituent quark model. The weak transition matrix elements are expressed through 
the overlap integrals of the baryon wave functions. The Isgur-Wise functions are determined in 
the whole accessible kinematic range. The exclusive semileptonic decay rates are calculated with 
applying the heavy quark 1/ibq expansion. The evaluated Aj, — » A c lu decay rate agrees with its 
experimental value. 



We study the semileptonic decays of 
heavy baryons in the heavy-quark-light- 
diquark approximation using relativistic 
bound state equation and heavy quark ex- 
pansion ' . Baryons containing both scalar 
and axial vector diquarks are considered. In 
order to calculate the heavy baryon decay 
rate it is necessary to determine the corre- 
sponding matrix element of the weak current 
between baryon states: 

(Bq>(pb qi )\J™\B q ( PBq ))= (1) 
d?p d q - 

~{2^f^ B Q' Pb q , (P) r M(P> q)*B Q PBq (q), 



/ 



where r /1 (p, q) is the two-particle vertex 
function and ffl PB are the baryon (B = 
Bq,Bqi) wave functions projected onto the 
positive energy states of quarks and boosted 
to the moving reference frame with momen- 
tum ps- 

The hadronic matrix elements for the 
semileptonic decay Aq — > Aq/ are parame- 
terized in terms of six invariant form factors: 

(A Q , (v')\V^\A q {v)) = u Aq , (v') [Fx (w)^ 
+F 2 (w)v^ + F 3 {w)v'»]u Aq (v), 



( Aq, (»' ) I A» I Aq (v)) = u Aqi («') |Gi (w)-f 
+G 2 (w)v» + G 3 (w)v'^ 15 u Aq (v), (2) 

where u Aq (v) and u AqI (v') are Dirac spinors 
of the initial and final baryon with four- 
velocities v and v' , respectively; q = 
M Aq ,v> 



M Aq v, and w 



(M Aq , ~ Aq) .., , v 



Ml 



q 2 )/(2M AQ M Ao/ ). 



In the heavy quark limit toq — > oo (Q = 
b, c) the form factors (2) can be expressed 
through the single Isgur-Wise function ((w) 3 

F 1 (w) = Gi(io) = CO), 

F 2 (w) = F 3 (w) = G 2 (w) = G 3 (w) = 0. (3) 

At subleading order of the heavy quark ex- 
pansion the form factors are given by 4 
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F,(«0 = -G 3 (w) = -T^^CH, (4) 

where the leading order Isgur-Wise function 
of heavy baryons 



CH = lim I 



X 0.01 



2ed(p V^TT eA ) * Aq(p) ' (5) 



and the subleading function 

io - 1 [ d 3 p A- e d (p) 

X( w ) = r hm 




W + lrriQ^ocJ (2ir) 3 2A 
*A Q ^P + 2e d (p)^^j e^j *a (p), (6) 

here eA = A/ V A 2 is the unit vector in the 
direction of A = M\ Q ,v' — M\ Q v, ea(p) = 
■\/p 2 + Mj . These functions, calculated with 
model wave functions for and A c baryons, 
are plotted in Figs. 1, 2. The function x( w ) ls 
very small in the whole accessible kinematic 
range, since it is roughly proportional to the 
ratio of the heavy baryon binding energy to 
the baryon mass. 



Fig. 2. The subleading function x( w ) f° r the — > 
A c ev scmilcptonic decay. 

the Isgur-Wise functions. Their values are 
given in Table 1. 

Table 1. Parameters of the Isgur-Wise functions for 



the A b — > A c 


ev and H;, — > 




decays. 




Decay 


A (GeV) 


? 2 c 




c x 


Aj, — » A c ei> 


0.764 


1.70 


2.39 0.053 


0.029 




0.970 


2.27 


3.87 0.045 


0.036 



Our prediction for the branching ratio of 
the semileptonic decay At — ► K c ev for \ V c b\ = 
0.041 and r Ab = 1.23 x 10~ 12 s 5 



Br 



thcor 



(A b -» A c Zi/) = 6.9% 



Fig. 1. The Isgur-Wise function C( w ) f° r the Aj, 
A c ei/ scmilcptonic decay. 



Near the zero recoil point of the final 
baryon w — 1 these functions can be approx- 
imated by 

o 2 Aw - 1) + c c (w - 1 '-' 



CH = l-p 2 c (w-l) + c c (w-l) 2 + --- , 
XM =/£(t«-l) + <*(«;- 1) 2 + --- , (7) 

where p 2 - = — [dC,{w) / dw] w =i is the slope and 

2c c = [d 2 ((w)/d 2 w} w=1 is the curvature of <ng? (i/ ) | fe^?' } rft W J | ( v) > = B^ Q ' (v')T 



is in agreement with available experimental 
data 6 ' 7 

Br(A .AM-! ( 5 -°-oi±i:E) % 

and the PDG branching ratio 5 

Br(A b -> A c Zz; + anything) = (9.1 ± 2.1)%. 

For the Sb — » S c e^ decay we predict: 

Br(S b -» £ c ez/) = 7.4%. 

The semileptonic decays 

of heavy baryons with the axial vector di- 
quark can be considered in the similar way. 
In the heavy quark limit vtlq — > oo the decay 
matrix clement is reduced to 3 ' 8 
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B^(v)[-g^b{w)+v»v' v U™)l 
where 

B^ Q (v) = -±=(^ + v^ 5 u nQ (v), 



(8) [d 2 d/d 2 w\ w= x is the curvature of the Isgur- 
Wise functions. Their values are given in Ta- 
ble 2. 

Table 2. Parameters of the Isgur-Wise functions for 



the Ef, 
decays. 



and un* Q ,^ is the Rarita-Schwinger spinor for 
the fl* Q . 

The Isgur-Wise functions (i(w) and 
C2(w) are given by 



Ci {w) = lim / 



d 3 p 

(2tt)3 



(9) 



C2H = ^yCiH, (10) 

where = A/VA 2 is the unit vector 
in the direction of A = Mq q ,v' — Mq q v. 
The relation (10) follows from the relativis- 
tic spin rotation of the spectator axial vector 
diquark. The Isgur-Wise functions are plot- 
ted in Fig. 3. 




Fig. 3. The Isgur-Wise functions Cl( w ) and £2(1") 
for the f2j, — > f2j ; ef scmilcptonic decay. 

Near the zero recoil point w — 1 the 
Isgur-Wise functions can again be approxi- 
mated by 

CiH = Ci(i)-^ i («'-i)+cc 1 («;-i) 2 + -" , 

(11) 

where Ci(l) = 1 and (2(1) = 1/2; p\. = 
— {dQi{w) / dw\ w= \ is the slope and 2cf ( = 



3'c* ev and Of, 





Decay 


A (GeV) 






Pi 


C <2 


St, 




0.942 


2.17 


3.62 


1.34 


2.44 






1.082 


2.61 


4.93 


1.55 


3.19 


n b 




1.208 


2.99 


6.21 


1.74 


3.91 



The theoretical values for the decay rates 
of heavy baryons containing scalar and axial 
vector diquarks and the comparison of our 
model predictions with other theoretical cal- 
culations are given in Table 3. In nonrel- 
ativistic quark models 9 ' 10 ' n form factors of 
the heavy baryon decays are evaluated at the 
single kinematic point of zero recoil and then 
different form factor parameterizations (pole, 
dipole) are used for decay rate calculations. 
The relativistic three-quark model 12 , Bethe- 
Salpcter model 13 and light-front constituent 
quark model 14 assume Gaussian wave func- 
tions for heavy baryons. The authors of 
the recent nonrelativistic quark model 15 
use for the form factor evaluations the set 
of variational wave functions, obtained from 
baryon spectra calculations without employ- 
ing the quark-diquark approximation. Fi- 
nally, Ref. 16 presents the recent QCD sum 
rule prediction. Calculations of Refs. 11, 12, 
13 are done in the heavy quark limit only, 
while the rest include first order I/tuq cor- 
rections for the decays of A-type baryons. 
From Table 3 we see that all theoretical mod- 
els give close predictions for the semileptonic 
decays of heavy baryons with scalar diquark 
(Af, — ► K c ev and S& — > S c ez/), which are con- 
sistent with the available experimental data 
for the A;, — > h. c ev semileptonic decay. Thus 
one can conclude that the precise measure- 
ment of the semileptonic Aj, — > A c eu decay 



February 2, 2008 7:30 WSPC/Trim Size: lOin x 7in for Proceedings 



hbd 



1 



Table 3. Comparison of different theoretical predictions for semileptonic decay rates T (in 
10 10 s~ 1 ) of bottom baryons. 



Decay 


this work 


[9] 


[10] 


[11] 


[12] 


[13] 


[14] 


[15] 


[16] 


Af, — > A c eu 


5.64 


5.9 


5.1 


5.14 


5.39 


6.09 


5.08 ± 1.3 


5.82 


5.4 ±0.4 


H 6 — > E c eu 


5.29 


7.2 


5.3 


5.21 


5.27 


6.42 


5.68 ± 1.5 


4.98 




Et, — > S c et/ 


1.44 


4.3 






2.23 


1.65 








- S> 


1.34 


















H;, — > n c e!/ 


1.29 


5.4 


2.3 


1.52 


1.87 


1.81 










3.23 








4.56 


3.75 








ai - s;«, 


3.09 


















n 6 -> H*et/ 


3.03 






3.41 


4.01 


4.13 









rate will allow an accurate determination of 
the CKM matrix element V c b with small the- 
oretical uncertainties. 

All predictions for heavy baryon decays 
with the axial vector diquark listed in Ta- 
ble 3 were obtained in the heavy quark 
limit. Here the differences between predic- 
tions are larger. The nonrclativistic quark 
model 9 gives for these decay rates values 
more than two times larger than other es- 
timates. Our model values for these decay 
rates are the lowest ones. Among the rela- 
tivistic quark models the closest to our pre- 
dictions is given in 13 . Unfortunately, it will 
be difficult to measure such decays experi- 
mentally Only Of, (which has not been ob- 
served yet) will decay predominantly weakly 
and thus has sizable semileptonic branching 
fractions, since a scalar ss diquark is forbid- 
den by the Pauli principle. All other baryons 
with the axial vector diquark will decay pre- 
dominantly strongly or electromagnetically 
and thus their weak branching ratios will be 
very small. 

In summary, in this work we calcu- 
lated the semileptonic decay rates of heavy 
baryons in the framework of the relativis- 
tic quark model. The baryon wave functions 
were obtained previously in the process of the 
heavy baryon mass spectrum calculations . 
The diquark size is taken into account by cal- 
culating the diquark-gluon form factor. This 
work was supported in part by the Deutsche 
Forschungsgemeinschaft under contract Eb 



139/2-3 and by the Russian Foundation for 
Basic Research under Grant No. 05-02-16243. 
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